This report describes and explains regularities in the numbers and kinds of trophic links in community food webs. To a first approximation, the mean number of trophic links in a community food web is proportional to the total number of trophic species. The mean number of trophic links between any two categories of trophic species (basal, intermediate, and top) is proportional to the geometric mean number of species in the categories joined. These linear relationships, and scale-invariance in the proportions of basal, intermediate, and top species, make it possible to predict with remarkable precision the proportions of each kind of trophic link among all community food webs. The differences between food webs in constant and in fluctuating environments reflect apparently greater constraints on the trophic organization of food webs in fluctuating environments.
PROBLEM AND HYPOTHESES
How does the total number L of links in a web vary as the number S of species increases? At least three hypotheses are plausible. First, the number of potential links increases as S2 because the maximal number of edges in a directed graph on S nodes is S(S-1). If there were a constant probability that any potential link were a real link, the mean E(L) of L would be proportional to S2. Second, if each species could eat or serve as food for only a finite number of other species, regardless of how many species were present in the community, the mean E(L) would be proportional to S. Third, both of the preceding hypotheses might apply over different ranges of values of S. When the number of species in a community is small, L may be constrained only by the availability of potential links and hence vary as S2. When the number of species in a community is large, L may be limited by the potential for interaction of each species and hence vary as S. The same relation between L and S might also arise because field ecologists might be more thorough in recording links when the total number of species in the community is small, but proportionally more prone to omission when the number of species is large.
According to these three hypotheses, plots against S, on the abscissa, of (a) the square root of L, (b) L, or (c) some power of L between 1/2 and 1, on the ordinate, should be approximately linear.
DEFINITIONS AND DATA
A community food web (henceforth abbreviated to "web") includes the feeding relations among all organisms found in a well-defined habitat by the original investigator. Organisms with identical sets of prey and identical sets of predators have been combined into a single "lumped" species (1) . Throughout this paper, "species" means trophic species, not necessarily a single biological species. A "top" species is a predator that has no predator. An "intermediate species" is a species that is both a predator and a prey. A "basal" species is a prey that has no prey. The number of basal, intermediate, top, and all species in a web will be denoted by B, I, T, and S.
A "trophic link" (hereafter, "link") is any reported feeding or trophic relation between two species in a web. Observers use various criteria to decide how much feeding justifies the reporting of a link and how much failure to observe feeding justifies reporting the absence of a link.
Webs are classified as arising in "fluctuating" or "constant" environments. The environment is considered to be fluctuating if the original report indicates temporal variations of substantial magnitude in temperature, salinity, water availability, or any other major physical parameter. This fluctuation may result from a pronounced seasonality, as in temperate terrestrial systems, from daily oscillation, as in intertidal systems, or from irregular perturbations, such as hurricanes. The magnitude, and not the predictability, of the fluctuations is the criterion of classification. Only 19 of 62 environments in our sample qualify as constant, including the deep sea and most, but not all, tropical systems. Since the classification of an environment as constant or fluctuating is to some extent subjective, we point out that this task was carried out before we had analyzed the data and uncovered any pattern.
The 62 webs analyzed here are drawn from published studies.
Details not yet presented by Briand (2) or Cohen (3) will be published elsewhere (unpublished data). Fig. 1 shows, plotted against S, L112 (a), L (b), and L314 (c).
RESULTS
The slopes of the straight lines plotted through the origin are computed on the assumption that the variance of the (transformed) ordinates is proportional to the abscissa. Visual inspection of Fig. la rejects the first hypothesis: the trend of the data points is distinctly concave compared to the fitted straight line. When the square roots of links vs. species are plotted separately (not shown here) for constant and fluctuating webs, both graphs show a concave trend like that of We accept E(L) as proportional to S. This approximation does no obvious violence to the data and simplifies further analysis. Fig. 3 , the slopes are computed assuming that the variance of the ordinates (as transformed, in a and c) is proportional to the abscissa. In a, the trend of the data points is concave compared to the fitted straight line. In c, the points lie closer to the fitted line at low values of S but, at high values of 5, most of the points fall below the line.
ber of species in the web, though variability around the mean is evident. It follows that the average numbers of links of each kind, in addition to the average total number of lipks, increase in proportion to the total number of species, again with variability. We now display the relation between number of links and number of species at a level of resolution finer than that of Figs. 1 and 2. Our previous analysis of community webs (1) established that there are fixed positive constants r, p, and q such that, within multinomial sampling error, for each web, E(B) = rS, E(I) = qS, and E(7) = pS. These equations mean that the average number of basal species is proportional to the total number of species and similarly for intermediate and top species. For all webs, r = 0.190, q = 0.525, andp = 0.285 (Table 1 ). The differences between constant and fluctuating webs are within multinomial sampling error (1) . As a consequence of this simple proportionality, the geometric mean of any two ofB, I, and T should be roughly proportional to S. Since, as Fig. 2 implies, the number of links of each kind is also proportional to S (with substantial variability, in light of the above inhomogeneity), LB, should be roughly proportional to (BI)"2, with variability. Fig. 3a Fig. 3 is not materially changed when the links of constant and fluctuating webs are plotted separately on the same axes or when the links of constant and fluctuating webs are plotted separately against the product of the corresponding species numbers-e.g., LBI against BI rather than against (BI)112 (not shown). For fluctuating webs, the apparent convexity of LBT against (BT)112 is somewhat diminished in the plot against BT. Table 2 gives the regression coefficients, and their standard deviations, of the number of each kind of link against the geometric mean number of species in the source and sink class, for all webs (corresponding to the slopes of the lines plotted in Fig. 3 a-d ) and for constant and fluctuating webs separately. Regressions (not reported here) that assume a line through the origin with the standard deviation of the residuals proportional to the abscissa give, in every case, a larger mean square residual and a visually poorer fit.
The regression coefficients in Table 2 and the values of r, q, and p in Table 1 The likelihood of recording a link may vary more among observers than the likelihood of recording a species. Variability among observers in the probability of recording a link may explain why the above homogeneity tests for links, under the assumption of independence, reject the null hypothesis of multinomial sampling fluctuations with constant proportions.
The approximately linear relation in Fig. 3 between the expected number of links of each category and the geometric mean number of species in the source and sink categories appears to be new.
Earlier observations have suggested that fluctuating webs are more severely constrained in trophic structure than constant webs (1, 2) . The finding here that fluctuating webs have significantly fewer basal-top links, and constant webs have significantly more basal-top links, than expected from a simple model based on pooled proportions, may be interpreted to be consistent with the earlier observations. Similarly, Our findings open at least three lines of further inquiry. First, how can these ecological generalizations be explained in terms of the behavior, genetics, and population dynamics of species, individually and in interaction? Second, do these ecological generalizations suffice to explain other significant features of food webs (3, 8, 9) ? Third, what characteristics of individual communities account for their deviations from the overall trends?
